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o Oj= 



S ltfTC jie^l-SBHSj gj 7|*I|«|-#SB|- gB|£r£ Sfsffe MXl- *jtH£i 213. ^(Polymer Electrolyte Fuel 
Cells: PEFC) (HI AH SJ gr^Ph^S ^£ Sj ^tm^l ^Xf| ^£|£r°| 7|^£| B.7\^.C[ U\Ml*\ 

n nst[oi yg7^7h ^chs^ ch^, sr^-sfe 5§ attiAMm, urn 7 r *s st r oi ^ss ^12.*^ *ny Ah 

o|o| £Si &^tH 7c(|5Etf oil ^ofl ojt!- geie 7|fl|«r£r3°| 4teSf a 4= EiJi. £1 

^oii shgoi ^gsim *R£j ^•■as yxi» r ji n^^^*Ha stem g^sq ^jge&s a^Ai^, <y 

£ U-gcHlAHfe ^V\\ 2mm0|^°| 5! *S?t&±n gBlt^l 0|A||S£g4|- ^(pattern) Zd-M-N^t 3 

^©3. 800nm0|t r °l Qom 5!^ *1|^S0| a^£|EH, ¥HI 1.5mm0|^o| c\&g &±±.7H3l 7|*fl«T 

^SCHI DWI4*3. S£t nHij(pattern) SS3f £)A< A|7-t§g£5 800|inO|8r°| ^ ^0|5 5tfe ^^fflO| 

xflSEicH, □iA-ti7hg=i ^-moih^d^ oi^°i *H"d(Hi &£7\±m muh^7| ^sh mhh^iichos &g 0 \ 

«H7|^o|ji oHl-|Sj=ch|aH go-lS^** ^h||3||cH°J *o| go^lfe #so| =;i^g sgo§ 



Eloj 7^H|g 37|# JlE^rS. DlAllftS ^BlEhS -tH^MEH^EH(sand blaster) M^^^m ^ 

AF0|o| il^Sr^Oi &B|& 7|*H*fthSH| gO|H Jj^0l| 3°J£V ^g0| SfgS r ^| lEj0-j ^j^S] 3 
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n <ysEjA-i# ^HigiKiow cost), aifsh si ±.w&oi nmm 4 s aw. 

£ 6 

AKO J 0.| 

M S*| f SEIEr, owi^s, o^a. afle, y^^^. i+m a^, e-fi E^H 2*1, EjsHSst, st^StT 

[£2] SBH ©B|£r°| 7HSf^O| gong L ^i_H £3. 

[E5b] £ tfSfil UH|-*J*r ^ ^!A|cH|oH ccf£ CWIM^ 7|*IWtf«<HI ^pgfi EHWS*lsl UEfyj 
[£ 6] ^ ^"S^l Hrft^Jfi- SJ *JA|oflofl n}g AHSg ^BlEi-o| ^H^fci U-E|-yj 
[i 7a] * tt-gsj U|-a-s|fl- £J 4JA|cM|oil Itl-ff- D|A|*sal a^ s& h * L+Efy £B. 
[£. 7b} & bUT^Jth <U ^a\o\\o\\ m-e □jA-ij^^o) irgg l^-S L-j-EI-y £W. 

[H 7 C ] e afgsi ui-B5ie £j 4jahmi<hi of* oi/Hif?£°i ^sn^ a^yi sh. 

[S. 7d] S iJ-gsl HhaajEh SJ *JA|oj|oi| njs DWIffSSI g^M^ UEj-yj 5=13. 

[£ 7e] S BS| bUt^lS £J £JA]CH|CH| [LIE D|-MI#S£| ^tH «tfS UEftH 

^ JlMX^sHS Of aj 7|*l|ar^Sj!f itT^-fe JL&A&mQ 2jS.5jx|(Polymer Electrolyte Fuel Cells: P 
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, EFC) CHI AH &5- % ftH7^# tfEShfc- % W&^T* MS|5r°| 7|£°j ^7|J£Clr DlAllsMI 7 r g 

tf<H ^Q«S°£ C«#, ^^Hjfe 3» *t£!A|7|Q|, D|A1| S^KM ^Sf All^S *Hid AfO|°| # 

9*3. £dx|°| 600°C O|#o| jigoflAH ^Sshfe g§ at^S °J£2A|(MCFC, Molten Carbonate Fuel Cell 

s) £! JiaB-fchSrSS M.£x|(SOFC. Solid Oxide Fuel Cells)£r 200"C 0\f>[°\ bf|JZ^J AHgoflAH &T5ftfe C!^?S fcH 
S^a^PAFC, Phosphoric Acid Fuel Cells), JL^AhSdSHB^ °JS-£x|(PEFC, Polymer Electrolyte Fuel Cells) § 
0| <&c\. =L 2lo\\5. Hgxf t!SHa oj£ *H7;|£f BB| 0\mmm A r §Br^- ^aiHlft# 'EjSSAKDMFC, Direct 

Methanol Fuel Cells) §o| ?Jr4. o| goj|AH£ jL&x r 3«Hg SSEWfe A-|££i 70- 80"CcH|aH ^* h o| 7 r fe^Qi, ^ 

7r^S E!a|# eh# t &cH o|g t!£jo^o| °gcH| ^tr^c^. 

<y^^Hx|cH|AH £j7| ft#e ¥?H°J ShS. ^ ^^(anode^lAHol tH^ftS* &£!£^(cathode)CH|AH°| £h£J 

y§2S ^SP. ¥?H°J £RS ji^A(-^:Ai)oj ^4iO|& 7 r £! £)*HS ^cHj ojSH AH^ esfeicK 

[ftg^J 1] 

ilHrft#: W 2 (9)^ 2W + 2 6- - 

ftSERoflAHoj ygAig yg-N 2£ r Sfch 
2] 



^(Ceii)^i s y-g^'e yg-N 3^ ^cK 

[ftS^ 3] 



¥ tRcHI £J-S r ni ^£jA|7|7| ^|* r o=l HJ|g- ^dfe A^*h 7WW*3J Ji 

^AhSSHlJ Ah 0 1 0*| aSSEK S# ^Ig^l ^DHfe JL7rO|°S 31! A| ArSffS SOIJL 0|g§g ^0|7| ^|S r O=| 
DI/JIS W£JAr(VulcanXC-72, c a b °t A r)S ^DH a|t:|*||S ArS&cK ™2\ ±JS ¥6J-£& tJ7|, ^ SJ gO| 

CK o4-g X|| 7-\%\7\ ^|*H ^2|2rS^ SS^ % y ^ £Eft ^AH £ |^ ^ ni ^§ 7 |o| ^EH9Jc3| oJuj-JHo^ £h 

5?°^ g7|M SfSh7l| SB^AH X|7H&CF. 

£ 1fi SBH ^Sjo| 7H^54e.l 0SE§ U^y fSOlCK ejMA| 7|&S Ol^t B^£!a|(101)^ 

MAh^jsHa Sf( 102)0^ °|^OH &£.m ^51-3^(103)14- 04)£j ¥ S^2£ ^^SjJL, MA r ^SHS BJ" 

9.mQ\ <= £j^(iu3,104)£ gJ"^(hot press)0i| °|^OH ^£j^atf^l(MEA)M £|JL ^7|o[ 

105)7r MB|!?(106)CH| oj^CH A|?:|£jJI ? A 'CK ah 7 | ga|^o| ^(105)M §5rO^ 53 ^fe HH#Hlc 7|^| 

tr «|*||7r ^#£lA| O r l_|s r i^ 7h^(107)O| ^-gEKH ^E!^S&*II(MEA), ^£|ft(106) 7^ 

^(107)^^. B^ISx|(i01)b ^7| ^sH ™m%ni o|M§ igsfe Sfg(H| 

S&(copper plate)(108)o^ zl^h|-0=| ^SjO| ^^gcf. 

£R( 103,1 04) £ 7|*H«rd-S(109)5f ^DHS(110)o^ ^-^F^JOH ? A "OQj 7|^|SrAh0 (1O 9)S S£|^(106) UlS. o-s 

ol| ^IxIsr^AH ^DH0(1 10)011 9jS gt 1 S7IS Sa*H¥i EW^I oie^S. o°l-cH M-S- 100 - 300 

nm SE.oJ ^V\\m 7hx|-b E^^O|(Carbon Paper) H E^^dfCarbon Cloth)^.^. AH|2Eftch. 7|^|«t-i!-go ^ 

□H^.°l 7 r ^o| o|## t^sh^l sH^fe §A|oi SSS^oll jf-a-fil ^Mo| £*H§^ ^(flooding)^ ^oh^7| ^|§HAH 
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gB|^(106)3| 7|fee £_HX] LfjCHI 4^2^ S7]7h AH^. <ttO|X| 8f£4 Sh±L ¥ 27|^o^ oi^t[^ S=' ^ 

S£! &fl £±*lfe°l 7|7i|5Hoj x|x|^|o| 7|^# ^^!^EH, 7|acf|7t EROfl ^aj<uniform)* r 7HI ££H7h£.^ *|fiEr 

4 s S E|» 5SH ^|o| ^£|^| st£4 shfe 7|^S sch 

h 2^ seH &bi#°i 7m^9} i4^y seoict. #£t± ^t§ ^ish ^fii&(2oo) &4 gf4°ii ^§7i 

*fl3| *£* r 7| W #S(201)2h DHu|#c(202)7h S«E|(H °JCh tfElffOfl ftS.(201)fc SIS 4Sr 3! 

0|» *M(203)5* #MAK)|°| 7|W^!-S2f S4w 0|^fe ^(204)^. ?£E|«H 2J«CH *Hd(203)2j 4Hh 
£(204) °| 4£| bfe 1;10]|AH 2:1 °| SJtS 

eaie-<Hi §si ««*i-fc 40 4e wt^i &m y\n 7^*7-114 gwoi xmti^a « 71 

74|7h5tfo| ato| M-ggch *4f|-&£7)| ^xHS SElff xH^. s^s. Ah§^^ o|#st. 40 4e 4§-Eha^| 

SJoHM-fe- trSrfi-fciygofl l|¥±]«o| g-8HH *H7|*| H4xHSJ-o| g4*HS<&E||ojei|^)cH| 7 r 
^7| ctHgolcK neHU- .50 4g 4&&^7J| £*H= 7^a|#o| S±i 7fgu|go| i7ho|cH, j?Hx|7| eao| jy 
cK o|£H& 40 4& 4ttB^1l BBS «Ha«t7l ^|sH 7hgo| goiM SMI 4= 

7-1 a Etes i9 *hbi# snot ^7F^oi ui-goi ttgttE es§ 

0XH 40 4£ mf^4i7J| >iXH SEH7|^o| *t)y 4£ 0.8- 6mm, ?HH.o| 4£ 0.25- 5mm, xH^Sl ^0| 

= 0.25- 6mm£j *£$\m 5ffci4. nBHM- 7|^|7^2J c||¥M A^E|b ^"aJQl ^B 0.9- i.4mm3| "^^|# 

bi=K 3§i o|g^o^ o|-^^^om A|-#^^ gBl&g H aHfe 7|^|7^a| *HW^I cH 

oi«t«iej 7i*ii *goi «it«fs^ er«4^^ioi ^oho^ shh, yse^^i « si git ^wji, 

7lWti«aa eh§7|*||7|- HifEI<Ho|' 3HH. go| 7ctjys fB[ HH^-Ejo-joj: snn, 7|*lis| B# 

A|7_H# 7^5H S71| SHAH tf»7WI°| 0|g^g ^ ^'O^f ^oj, S^oj ^0| gHH£|0H &7\*\ 

Alt^l^SH WO00/26981JLCH|^ C|-OlOhS= AHU^ ^.^(diamond scoring tools)^ D|Al|?Sa| ¥^EH^ ?B| 

i^oii § a jsu u^se^o^ ^[smi- umMm^m ggs #bi^^ a^§^ se^tHi 

xH^^ ^fe UlAHR^ol Eh#Oi *Hy o| ^3|- ^j 0 |. ?Hco| ^ 800|iirO|*^ ^fe D|A||^^. ^B|#§ 

Ailisffe ^^o| 7|^£jcH <ycK ziSHLh o| d|a||^£3| USS fiBlCrOll tf«J*7| ^laHAHt nH¥ Bai«h7|| 7h 

Baai- s^r £BiE.nif°i atr g^iaoi ?joch, sbiqh ^xhoi a§s ^7i^£^oi 400114 

gSl^o^ 4^0|L r ^H-Eh^THI 4iAHg Ahg^r^ LH¥-N^O| 9*3, ^7|^ Sj^X^Ol S|ZL H|gO| 5|-0 r 

•h^lffl-. ^ 800p o|-sheJ S^b 7|7i|7hgo| th7^ x)|^o| one^ ^^jofi ^gsho=| Q 

— r I *L A ^. J OiJ — I ^-1 I— I — . I it I j»sU TT n ll ■ — *|— ^ 1 S3 -.l-n — . I i-v I - ll i I i . I — I — i l-rri I I <nlJ -pI « n I 1. L n I I— In IaI ^.-i — i t J 1 

^rs t HA'/tA'i-r- J£ET =-citr & r ^^ii jct- -Pt^.^ nsor/i -irionAT— ecicriti =r>n\;t z.ommuis ui ^uiup 

?2&o| ShS^Ol &E|£h ^|2.| a9*r0|| S-0|)a4:7h £]JL °JoH ^7^o^. 

*S7|^jO| sb|^ SS^. S.H4. 



e tS€ #7|2j Sflas|-7| ^jSrOi ehft© ^jo^AH, ejSB X| SBl&Ofl 2JCHAH, *S 43| 7|7f| 

7[S 44«F7| ^|SH 40 SJ ^tf E^^l ^XKo| e *M □^3.(mask) nH^(paUem)^ ^fe!s|-Jl 

-HajaizJ- ^Hjo^ AHS& ^B|& ^»^JI AhSStOi, 7|7H|7[-5o^ g7hfe*h D|A||MM ^E|^ S! 

EES, 0^.5dx|o| cy S SI &S7r^(57|,^4i)# ^-S 40 SJ 4&B4:7=|| 4iXHo| es|© 4e 7|*l| 

»th*(H| p|Ai| 7[g-sloi 0^. 3J £h?Ob^7h 4oHS^^ sr^Efe 4£!A|?IjL, ^b|& ^^oijAH 

40 SJ 4trE^7i| ^XH ftBlM ° s A |, AhO|o| ^^ShSM gE|& 4S 7|*1*f^§ 

si ¥jSS SOU £j^cH| ?^«h ^go| ^S^h7HI ^o^ jj^°t 5<SS yx|shJLH&x^sllS s+oHj ^gshfe g^o| 
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, ass&g #±m?i, aitjsi^oi &s.m\ nrnwrn m^o\ ?jck 

SE£h t* *£j SJ Wltefll rtiXH eeiffl-ei #s *ny *l|^ Al, gofxlb &uH3l]c:4(header)m t3<y°l-o=| z|z| 



t!h t>1 Ol 71 AH D I Xrfi 

SxM WiM. S! mm^l ^H«l £ ^CH| n|A||WS □ ^3(mask) nUE!(pattern)# ^^Sfe EMI, & 

7| c^h nHtiE! es- AHEtj^o^. y^Aj^g ^3S*h^ EMI, #7| dIaIIM S& h o| xil^E' ©fil D^a. hh^m aJ| 
7H, AHI^t nam 3S*F<* gElfih* xflstffc EMIS i& h ^£J, #7| gsiesi y^ejtHI D|A^£7|- ^iO|7H 
U We*o| ££*E! 5>b 5S ^SSS ^ a\M\^^m 3>fer &B|& 3> zi fllstfttlol KflSSCK 

g STS°I {J A| CH| CH| UFs^ ; ^oj ^e^MI 4iA||o| £h ij>]oj| D[A||M D[^EL EliElft Mtffc EMfe, 

son gl J**f£h^| 4:AH°| fl^SSoS 3|,'Sfe EMI, #7| 3|g JtSTOte EMf, S#7|(H|AH 

#7 1 B3\ HSi t^shb EMIS CH i£TS|-b fig£5 Sl-fe n\M[ft£.S 5>b &B|£h KiE&ffl0| X]|5EI 
ch 

g h,h^oj 5c q.g. ^A|cH|cH| Uj-s.cN, n||E!Ej ffhS t!=lj£jo^ tjaiajti-^- ^^s^ EMIfe, -tllH 1|2H^e^ 

u|# oigsfoi -Mzfs Sift ^S^^ *lfe □lAll^^.g g£|£V Al|Sg,^0| KflgE'ch 

5 ^S£| M 4!A|0i|(H| CO-SB, #7| aH^MBH^EH #H|# A|§5|0=| ^Z|-3|-fe XHtij* S|co| ^(width)Bl- 30|( 

depth) 7 h 4=^ DFOlH^DlE-j E^IEl 5g fffe D|A1|^M# 5>b A^^aol fllSflck 

g ^S2| 5£ 4JA|CH|CH| 0}s^ i ^= ^^fe- ^HWSf gHc.o| ^ 0 ] 100junO|# 1000nmO|SFE' 

££ Shfe 0|AI|^£# eB|B THlStfttlOl Ai|5£|EH, -^7| *Hy^| ^Oph 100(ini0|# 1 000fimO|tF7h UHf5| 

t* tf«a| ^ 4JA]0if(H| C0-3.B!, ^Si ^-yShb ^Hy2f sh^o| ^0| 400MmO|4 h 600 |im 01^71- HUfSl^jl, 
#7| ^£ ^Ha^l Q0\7[ 400|int0|# 600|in0|*|-7|- W&5j«Fc|-. 

6 US2| Ch^ ^A|CH[CH| Qts^ > # 7 | ° S o| ^I2Nj3|. HhRgOl 0|^fe Zf£7F 90£0|# 135HO|sf7|- Hhlf 

£ ££ C fs ^A|CH|CH| Ut-sffl, #7 1 ^E|&o| ^^|7h 2mmO|shE" ^0| H^^J^CK 

%T^2| S ch* -yA|(H|(H| Hl-HS, #7| □|A||^7h AH^(serpentine type) S^(paraJlel type) ZLElol 
^mU^interdigitated type) 3>b ^S°5 D|A1]^# ?>b MS|& Al|i^S0| AllgSch. 

& S.^o| XHI2 «tScH| cch = e ( a! ^SfE^^I 4iAH°| @B|&S i^shb M^xioil ?Jo^H, 7|*fl^SE« ^5 
E^^XH ^H<H| xfiyiit ?Hs.o| ^(width)j^ ^|o|(depth)7|- Df-OlSSalEi E^|(scale)£J 3§ 

□ WI#S* ^-Ssffe #7| □|AH|^7h S^S 7jjN|tt^»3|- SJH^ 0|**V 7|j5)|«t-d-» A|-0|CH| &B|E^« 

S grS^I Xfl3 ^EH(H| [£fs[y ; ^< i i oj ^fl-E^^I 4iAHo| ^Bltf^ M^tr ^^^A|0| ft! (HAH, ^B|& *S 

Vgn^m ^hH#7| ^hH^IcH^I ^#o| ai7l^oU dHMM^(H|aH ^o-ig^^ ^HH^cHoj i 0 | iofx[fe- 

qiaii^^m n±= ^Bish Aiiis-aoi xiis ei a. 

S yS2| XHI4 ^"Soll m = #7|0fl 7 1 AH S u jaoi AlliEl ^B|&0| TOSEh 

e tf«o| ^|5 ^ej(H| C^eaH, #7|0i| 7|AHE! Al|iE' ^B[&* S.W 5ft ^S^^. E^IS*!, 

A| ^Sj, <y^^jA|A|^^| EEfe ^jAH §0| A1|5« ^ W. 

^d, WS2| 0|SH§ S7| ¥j^Oi ^^0|3^□|E^ E^I(scale)o| 3.7^ ajAHl^SS ZL 
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^^^o|dh ^h^oi ^-ftsa-sfsi g^m- &7 ^|- gxisw otfe am a-oi agoj -N(#*-i: *e» 

[*] 1] 



A/ 



,y : eh^7i*iisi sgai^ 
£ : *nyo| ?4t5tttr' so 

£7 „: f)MS[ 4^x|S(4 x £ge*|(wetted area)/ 
m^^l-id^olfwetted perimeter)) 
^ £1-871*11 °| ^£(?ffgS9) 

»B! »S *H^oUH 7|*l|«|-tf«oa #£JSrb^ EhS7|«l|o| fl-ajjJl- ^£SJ -Strife- 7|*l|*rtf »0| Crg-S QHSo 



^:|i|oH ojt: Bhfir Darcy Wiley £0-A r cH|Ai m&tt Transport Phenomena)Sl X|hHS ^fe-cK 

[*I2] 

[413] 

1 

U : Ch*7|*||S| S^l^ 

a : SJ-S7|*I|S| ¥4£-(permeability) 

V : £|g7|*f|o| ^ 

* : **»»2J 7HB| 

(*Hy o| a|x|(pitch) Stf) 

S. 3€ M 1. 2 ZIEU >M 3°| 0|SHg S7| ^*H. ^3r ^0|CH| CCrS ^d-7H£|oJ "jSp* L-I-Ef yj £H0|CK £ 3 
CHI AH gE|Eh(300)S| &¥fe SBH 7|ft£| ftM(310)Oj ^0\D\, Sr¥^ □|Ai|ff^(320)# 3¥2| HrS<£I& 

4jA|oj|o|cK gr^*K A P)?\ *SJ*hctjl 7 r B» *Hy£| ^(301)^ ^o|(302)S #o|a ^1 icH| oj«H ^*|x|a 
o| sto^ ^#sa-»(E3<H|>H xiacMI ^S|et gfff)©ife 4f£7h So-|fi7fl fiq-. fifcHa *l 301 olsHAH *Hy a|*l(pi 
tch) a(-?f(xtftr)sasl 7HEfe S<H#oj 7|*l|*|-tf3(303)o££| ^£7h g7|-E^r. D|A|#aE- 7| 

*na|-^S(303)os°i m*» i^shAi^ ghg7i*ii a! Bh*sj<Hi si» ££&ii s*ii<hi a*i susmi ^ 

D\ S|i+7HE|(304)7h £0-{fiO-( W»7|*|S| ^Dm°^£l 0|gO| gOl^D} 7|*|*r*H»Sl ¥ffll« C-^ g£J ^ SJCK 
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. 5E£!- *Hy^.| ^0|S gOlS 7|*||S|->J-SSJ ^7)\\ □!■ OhU|BF ^B|2!-o| if-ZHI <^A| g»! 4= Ei7|^!£l 

x-is-oi a^snu >rSjo| ^2i7h sch§ch eistiAi ^^jsj y^i^'if ^oi^ck 

□ WIW£7> yfe- 5£C^ ggogt ^B|£.mh 7|flW{+S(303)O| ^Shfe SH^(305) <g<%°\ ^^t\JL 
SMI t[04 ^ 7$\ZE A| ^B|&CH| 7hSHA|^ °^CH| o|SKH ?H^7F 7|*im^S(303) ¥^S SEH(press) 7^°| *g 

m ^tm^ aii 7-111- 4= ^s^^m- ^h°j-o^ o|sn seHs stofl a sit su§^£ ssj 4- 

Sid-. 

o|trK =a¥?h MM &^l-o=| £ «j-®o| u^^ifh oj AjA|ol|s tf/HI*! ^SsM-S fhcK °HaH yjsel o|sHe §7| 

USAhtJsHa ^£HA|o| °j * 1TB 4:^1 4iAH ^BIE^S- g-felSS Mg^-SI'OUK tf90| #71 jl&Xh 

SjSHi] ^^.£!A|01| Eh^gife 2?e Ohu|Ch. Cfl-Sl-AH, DIAMfS S&0[ ^ W E^^l i:A(|o| £B|£fg i 

B"«|-fc 2.^^^1011 °!<HAH fcfi.7|- 7|*||oi MX^BHS £S2X|(PEFC)£h <3WI([HI&*)£l SIBbUM ^S. 

^A|(DMFC)CH|E. A^gfJ- 4 ^j«HSO| Jl^|oj Jl*|d-«|-S l(SOFC)CH|AH£ 9 Aft* 7[g ^gsH 

AF^SI" 4= ?J§e Stolen, 7|^ ^o|:Oi|Ar| s#o| *|Aig 7F*J ^ehei ^7|o| S^ai a^cHI 7|AHS 6 a 

g°i Ms 5J ^o-mxi arfe ha uichiah g s*s<hi oj*h owi^s ^-yoi §j s^g-s^i 

4iAH ^E|&# ch9f sh7i| 4=^ ai y^A|S 4= S^S£ SWch 

e fe h S<H|AH^ ^7j| 2mm0|5ho| ^££ho| AFS*KH 800|imO|^°| ^0|# ^fe #S*flWs ^ 

OleHf- Cl|/<l|#3.fe- ^g7^o| 3 oi^ g Hf | gi £J^*|- ^e|2| 7|7H|^oj X|X|*||£.AH X|l|J1 
^^PF gfe gBlth°l ^0| 7^SH ^^joj g^S ^^A|S 4= O^EH ZL#^aSES| <Ej££!A| 

7h5S «r<y ^Bl&cHI S-a^t- 5! M oHJ|EK 3^cH| ti^BUHfe &^So| 4iAH°| 7|*M^gcH| 7^-SW 4=i 
9^0=1. 0| S^cHIS. #iS- DlAHIft^oi *Bf^ g°!^7H| ^S@cK 7^S^ ^^.oj gE||^ Ah^(serpenti 
ne)*^, S>^H(interdigitated)^^. § <H&m*| ^eHM 7^ 4= 2iS.cN ^ tS(H|Ai Al|A|^fe 3.H[^2l §eH^ 
^A|oH|oH|AH 4tA*hH"=K 

^^E^^l &E\&m ^^jxicHl ?Johah e a Soil 2|£h DlAHi^MS ^fe ^Bl^oj Ailigse c[ 

B3[ ^ CJ-. B7H| 405CHIAH =«y SI ^«J-&4i7^| ±^o\ E h o| 0 ^| d|a||°^. □^^( ma sk) nHa(pattern)S ^^th 

oil ah olAilM ^#o| Aiii^J nH^S ^|7H, a||^ nE|i tj^^o^ £s|^S ?;iliEHiK o^7|AH ^b|^# 

A^sf^ asie ¥7^|s UVo-|x|bD|| ^wH eelE!- SJ=f£<H| d|a]|^^.7|- s^^Eh ^i^. AHlish^ Q&n, 

mm ^eie gr^^tHi aiAii^.^ ^oi#Eh y^oi aich. ie HhoisEh fis ahi^s! ^bi 

U^e<H| 405, B^l 410, 415S $*f^°£ £!l5^0=| D|A||^S.S C[&, Q\M\%-^7[ S 

Oil MiS§ iUt! -9^, -gaiS!- Che^eoil ChA| g-Tfl 405, 410, &7HI 4151- ^x^o^. ^jty^o^ AHI^fhCK 

££*[, E^i 405«HiAH ^9i ^tTE^^i! ^Aijoj & ^oij □|Al!^s. EHElg il-ytr^ E^tfe-, Si 

E^7i| >;xHo| thai |i££ sUSfe E^l. ^7 1 ffh§ tSsfb EMI, ^7\o\\M &7\ 

EE£!\ EMI 410CHIAH Dl-^a. nHSS &m ij^os t-i^^z|^ EMlb, MBH^eH o|g 

t\0i AiZ^g 41"^ ^ oio^, AHc^Bi^EH ^ H |= A^gt^0^ ^ZfSfe SH^SF feoj ^(width)Hf ^0|(depth 

)7^ 4^ aho|3.S.D|EH E^l^ ZiB &DK 

#7 1 D\M\&£.m S&^fe SBI^S Ai|^Sh7| ^|bH ^915h(=7?l|: 1.5mm, ^5 HIS: 1.93g/cc)§ 8cm x 8cm H7|S. 
$H|*hCh. # 7 |oj *oj^° A1IS 7 [CHI &0|e^S ^ 10^ §2[ AH|^*h ^, ^7|0i|AH 1 20°C, 20^ 5& H^Oi 

4=^^ Ai|7H*mh. ?d2.S 120°CcH|AH 10^ cHI^Sh J^, EHn|LH|0|Ei(iaminator)5, h H|m A^«FoH ^77tl7h 

100^meJ 2d^JS!S(dry film: BF410)S ^^ti-ch. e()d|lH|o|eH i!Fgoi|AH #¥ SBH 60°C SE, *h¥#5H 

BSl^ 55°C S£0|d| f|j 0.2cm/sec SS.^. ^fe- 5o| HUf^jShCK 

^B|S-°| DIAHI^S ^#o| nHfj^l iS.Dh^3.(photo mask)U D^3(film mask)^ MgSW ±^7|l4 0^3. 
^eho|U(mask aligner)cH|AH 20mW/cm 2 gs.o| oi|LH A| °f 6- 8£ i^cK d^H^gol *<2j 

EhS t^^Sh?! ^|5H S^^ICHIAH S#«l(10- 30% Na 2 CO 3 kf§ g^CM °f 40^S£.h g^f^AH 

tn^ShcK e¥13 ^o h 7|2j fd^^ g£ 23°C S£, 2.8Kg/cm 2 o|§ ^fife- 0.8c 

m/sec 5l0| Htasj«m. #7|2h ^0| tH^Ch ^, S^cHlAH 100°C S£CH|AH 2£ lH|0|3.(bake)^ 
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#7|2]- 2J-01 Dh^H.(mask) s||Q( pattern) §§§ 7-|£l ^£j&8 *HeS&f>tE|(sand bluster)&H|(BPS- 4040LS, AL 
PS EngineeringA|-)§ AI-g^CH n\M\ft£.9.\ 30|(depth)7f 5Q0|jm Si^. M^(elch)1*c}. S 
Id oil AH 7|Eh 0|S sJrit ef 30mm/^ §£, i^S 0|§ ^£fe ef iOm/£ §EOU, ^§ 'Mfe ef 3.4kg/cm 

2 0|CH ±£M0\o\ ?-|b|£ af 60mm S£°J 5!0| bUf^sl-^, °ju|-A-llfc SiC(#500)S Ahg§|fe 50| Uh&5jS|- 

ch. 

Sff, □ I AH| ^zf 5SI 7H£j A^5rOf| ^j-MDS^ *fl7H* r 7l £13H 2Mn|A-l|*$7|g Algsl-cH &7| ^<^&S oh 

4I6 S^<HIAH Al|*i* r cH ?HijlSi A«S7|ofl/H |ro|£^ ef 10^ §e|- A||S*h ^7|cH|aH 120"C 

MS|&°| Sf*IEcH| □lAHI^SM S&sf-fe ^^cHlfe, 4 h 7|cH| 7W@ *f|s3£2F 5 7 J°5, fc*rai°3. AW 9J 
•jeofl D|A1|#S m h ir *l|2.2r ^, EHD|LH|0|EH(iaminator)SH|# Afgeho^ D|AlKfS7r ^<g@ A^Sr ^ofl M4S£i 
¥fl|7r 50nmOJ 2d-Mi!S(dry film: BF405)S 2%l&Ch rj|A||^7|- 7 r gS ojcHI fiigf 3.§£r- #7| A^t!" °J 
^^CH| 0|A||^ ^-^H All^Srfe 5 7 J°S, £A^°-^ □ | Al| ^-5. 7 1- f^fe 1 C|-ft*ie!<H| D|A|tffS ^ 

£f* x^tho^ u|o|#eh =pi°l ^Bl£r§ x-lissi-fc- 5o| unf5j«fcj. 

£M □lAll^^m Strife ge|&i *llS*r7| ^x|(Resin)7h §, h ^£! METE^I ^AHg A^^oi ^E|£rS *i\ 
^£ SJscH ohEHfHI #/|*| w. 

&±}^X\ ^tf*l|(composite)(¥fl|:2mm, ^H|g: l.97g/cc) &m 8cm x 8cm 3.7\^ 5b|*H:|-. #7|°l E^/^^l 

««r*ii &m aiis7|oiiah a-oi^s. «r ioe /jgth ?hs7|<hiah 120*0, 20& §3 asst-cH xi?w 

P. 7 d5 S ^/-x| *fl-xj| fi« 120°COj|AH 106 ^fir oi|°J*h END|U|0|Ej(laminator)&bl|« A|-S*KH ^5||7h 
100nm°J t!^l!S(dry film: BF410)£ EH □ I LHi O | Erj 3hS0l|AH g£fe 60°C SE, *r¥*eH 

55°C SHOlOf fU 0.1cm/sec 50| dhff SJsl-Ch. 

£B|£ho| D\M\ftS. ^& h O| nfleH^I SSD^3.(photo mask)U Dh^±:3.(film mask)M A|-§§|-0^ i=.#7lM- Qf^H. 
?^efO|LH(mask aligner)0ljAH 20mW/cm 2 §£^1 iH|lHa| ef 8- 102 §£h ^^°hi=K ^d-^Mol Eh4i 

/^a| atfi^l £H^m7| ^cD td^7|oi|AH *h^qh (10 . 30 o /o Na 2 CO 3 *ojj)g t §f g^fo^ of 45^ g 

£h ^¥*fE!AH fitf tto. S^7|o| i?H£ *H^Q!) Si 23'C S£, t¥ ^ 2.8Kg/cm 2 k§ 0| 

§ ^Efe 0.8cm/sec Shte 50| ldh?r^shc|-. ^7|SJ- SJ-0| e&th , McHW 100°C S£0i|AH Qf 2& 

Hl|0|3(bake)S ^A|§hb 50| UWS|W. 

4 h 7|Sj- S|-0| D^H.(mask) nllld(pattern) SS» 7HcJ E^/^a| **J-*)| £hg i!i=.S5H^Bl(sancl bluster )5fU|(BPS 
-4040LS, ALPS Engineer ingA|-)# Ahg^(-oH DlAil-S-S-Sl lJo|(depth)7|- ef 500|iiti ^S-S. ^4(etch)£hcK £H = gEH 
^EH 5^ iZdoi|AH 7fel- o|{§ ^SE^ 2f 30mm/S ^SE, 0\£ ^ 20m/^_SEO|ji, ^ 

2.1 kg/cm 2 0|E3=| 7l5j-j2f ±^A[Q\2i 7-\E\^ ^ 60mm 5 0| HUfSJ^rtH, ^3D r Aiife SiC(#500)M A|-»Mfe 5 

0| HUr^jSrCF. 

EE?! - , n|AH| 4|zf 7H£J Er^/^^l ^tT^I ErO| 2^H#§ fl|7j«r7| ^|SH S^All^l^ AhS«ho4 

7| Or Alls S°J|o1|AH AH|*4^oH Z^USS A||7H*r ^, A||S7[(H|AH ^ois^s. 10^ AH| 

S» ^, 2S.7|0||AH 120'C S£0i|AH 2f 20& 7 d^o[0^ Afl7HtfO| H r g"SJ*rl}. 

&±l^x\ ^U-^l(composite) ±*HW M&t[oi ^e|&°| Q&t<£o\\ n|Al|M# S^^b S^oilfe, ^ 7\7l\ 

@ S.KH[ QIAHI^SM Afl^^fe 5S3f i^o.^, cA^S.^ e^l/^Al ^^-^l e W^Oll DWIft 

S. A^SSr *, EHD|LH|0|EH(laminator)S-b|# AhS^O^ D|A||^^7h E^/^Al ^IT^I & *&0\\ M^geJ 

Jf ffll^l- 50nm£J ?H^ljS(dry film: BF405)g SUthcK Q\M\ftg.7\ 7^S Soil Mlgi #7\ E^/4=A| 

*^r^i ti- uracil diaw^ AHi^thb «s5f ^ 7 J2i, ^a^o^ □wiws7 r Jiiis y^/^r^i mum ffl- 
s. safe £ argsi u r &5i& °j ^aioiichi rife niAiiM7h ^sis-chi &?i&a|o] 7m*\2i &et u^y 

0|CK ^ER£i*f*ll(MEA)(510)fe H^Xf ^HSHS ^(51 1)Jr CrS^ Eh4iSO|0l| ^j^7|| 4=^0rO|3.^P|^ S 

M 3^j^ r 0H ^DHS(512)S ^, ^g-g E^^At|E| 7|*||sril-g(513)2h 2f*f(hdt prfess)^0^ All 

S&CK 7|^|St^g(513)S 7|5#0| 60% 0|^0|EH ^^|fe 400lim0|3f 7[ <U&^0\d. &E.\B(50^&: &7\*4 a^A^ 

?T0| 5fji lH¥^^o| y& •tttB^^fl 4iAH# Ahg^cH, -t!! = MB^&l(sand blaster) SSH & 

BIS- ^f^cHl zfzf iM-sh^^jih Sh^j^n^cHI ohm S7|)S 5^S r fe *M ^^&CK ^Bl^oj ^. 

S^IOH 53 EEfe UH^Elfe 7 1*11 E£fe °4*l|7|- ^#EJA| o r l_|^£^ 7h^(514)0| ?«E|oH ojo^, Ah 7 |o| of 
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. ^^9tr*fl(MEA)(510), MB|^(501) 3J 7[^(514)B sfL r °J Er¥l£d*l(500)S ?^&CK #EJ#(501)0| 
^Sffe *H-d(502)a|- ^jH(503)(H| 9JOUH, xH-dol 100- 1000nm°| a^iO|ui n|A||#So| JLB^rCl 
S^JSMIfe 400- 600|im°| ti?|0|ch XHWo| S0|b 100- 1 000pm °| ^SlOltH 1.5- 2mm ¥ZHSI ^S|&§ HS^rS 
, U^^Sl-Tflfe 400- 600pm2| aflOld-. 2HE.o| ^& 100- 1000pm°| S¥|0|CH UhW^J*h^lfe 400- 600pm°| *^^\0\ 

ch 7|7i|7hg(machining)# ^£ WEtefll £*H£| Sl£W| °|5H SSISol motel ?[^£o\ 9M 3mmO| 

-^js M Ahs^?^i°h, 7H Ai-Mztg ss- esis *flsfe soi 77hohs nte^oi gHji *Hy °i sopi- 

□ |A-l|*|-°5. ¥#|7|- 2mmolsK CH bHf^J^7^b 1.5mmO|8t£| ^o4 m m^j-ei-^^i 4,xHH| BS fixllfiS. ^SShd-. 

jjjyoj ^3(504)i!t um h C<506)0| Ol^-fe- ZfE{505)fe 90£O|cH, @!=4503)2r Sff 7|*MttrS(513)SS Eh 
g7 r ^°| *£A|?|7| *|§H Sjfi0| CtfEW^ 4|q| 135E°j ZtE<505)6 ^|5| h 4= 

^ £E cf=- ^A|cH|fe i 5bt>1| EA|*t H|£l- £o| 7|JN|«T^*(520)<H| S&Srfe 3o|cK D|A||^ 7 r §cH| 

A r g£jfe 7|«i|«T^S(520)& 7|5M 60%0|#o| B££0|> Afg*FcH ^ZHIfe 100- 1500pm°| a^|o|CN ^H^oHj y 
S7 r *t« S7|S Ho-t(coliect) "Mlt Q\0\\ iS<H| *H^(521):4 fi!^<522)g ^B|^Cfc| £|yo| 

AH 33£|fe ^^Hl^h *B|S(523)(H| OH US = (524,525)2)- £§£|E^ Srfe 7|fe# *rC r . 7\Mmt&{ 

520)<H[ ^§ *Hy(521)3f g = (522)(H| SJOHAH, TtH^Sj 100- 1000|Jin°| tt¥|0|D| UUfSJs^lb 400 

- 600|im°| S-?|0|Ch. ^Hyoj £>0|fe 100- 1000pm°j ^-?|0|Dl HrfS^MIfe 400- 600pm^-£|O|r;|-. fH=°| ^£ 100 

- 1000fim°| S^IOlDi Hfi^^Mlb 400- 600(imoj ttflO|Lj. 7l*l«ttf g(520)CH| ^Sf ^£ r fe S^, ^E|^(523 
)£ ^ 2J¥<H|AH §SJE|b 7|*!|« 7|*H«|-£h»Sj *H"d(521)S. fcaA|7|b □HL-|# = (524,525)S r 7|*|*t4t60| 

4 s ?*'E^ 7l*l|^trg°| 3.7^ *H^S| ^0|^S gZ|*h ^^(526)0| ^'a£lO^ ?JoQi, ^ShS^Sj 
%7\±7\ k\g, ^0|A| Sti^ 7|fe# 

nf^H=a^^|(MEA)o^ jn-e^SsH^ <y^tix|o| °is.7|^joi ^iS 3S4b ^£53 nHUK(600), ye^xi a 

^ UH7|7^« ^|7HS^ SSHH# □HuJ#^{601), ^Sf^l9J tt±m SWfe- 37|M S7|3S DHUg = (60 

2), S£!-A| .y^thfe- &8«tx| StS 57IM ^|7HS^ 57|yHlf OHMS =(603) OS ^^E|J1, -fe h 7| 57lga nH 
USS.{602)^ ^SJ€! 37|b ^-£^(609)# S«F(H gS£uH&l|n:H(604)^ ^^E|Jl 33^HHSi|cH UI¥<H|aH n|Al|7|- 
53*^(606)^ S*H 7WW*i ^nHStHW elS^ ^ ?JE^ ^i£|cN, 7|«|«ftf«S:S.Sl nH^P ^ 
5.^17171 ge*Hy(606)^ HH^*H "d(607)O| ?£I ^^H(interdigitated)S^^ ?^SdH, 

^ h t!^St, h *ll(MEA)oi| y#<H| U£th tJAhS ^igsfe 5!7|aH*l|SAH @^£(608)7^ t^EIcH, ^fiW«y«<HI °\m 

y@ ^ o^oj ^ 7 |- 7 | 5 y|mh^§° uHS*H^(607)g SsH uH£&yH^|cH{605)£^ ^^Elai 
(610)S 57|um DHuiS£(603)« B*K>4 yHSEIfl, 4f7l telffal tfcH^olfe S.^cH| iA|shx|b St9Jt7;|GI 
o|go^ Da* I- ^iS2J- *Hy a! fHc 7 |. igiyAjo^ ^^ElcH ysss □HUft£(600)4 ^SdHS nHUS^( 

^HH#)|cH(604,605)b *SS| ^Ef|7h g>gU(interdigitated)SOlU S^{parallel)fio| 3^ ^ h *H"d(606,607)S Sh 
®7F>iS ^imTfl ^bHA|7|7l ^IsH ^SShDi ^ S-^Oil o|*h D|Al|-fr^b S| 57^S^7| [Ol^CHI ^feO| 

S euH«lli=H7h SfiSHzk o|M ^|sHAi £ flJ-gofl/H ^lAIStb MUH^IcHb *H^sj mzc[ 1- 5HH°| tfe 
^^Sd n ^^ h e ^A^^(605) "0H« ^i^0=l □HL_|#^.(600,601,602,603)tHW ^x\^ 

££ ^o| gohxfe itH7l§(604)o^. ^ aich tfH7|§ guH^lnH(604)b nHU#^cH|AH ^o^^* ft§x|So| 
57M7H E|o^ 8Jtf*lti 5|>+zt« &HH«)lc:HcH|AH AflU^ □HM#£^o] 7H£lol| u|Efl«foi *Hy LHY^I fi-lf 

01 57^8j@ m*m m±t[jL, zt *Hy^ aaie »srsi ^§7^71- g^i ^ 

yg7^o| 5^*1- aii-th 4= sisj- 7|tii^oi x|*|xiisah oiaii^m 71*11 

S«H| Siga 4 s SJb 0=|eH7^| #a £ 7a, E 7b, £ 7c, E 7d nB|H S 7eOfl EAliEjcH ?ic\. H&n El 

SHS "^Sy X|0| Uha-Sl© ftS^^g A^{serpentine type)(E 7a), S?g§(E 7b), gJs^JS<interdigitated type)( 
E, 7c)Sj1|- o|^ itft!- S^Sga^Cparaliel corrugated type)(E 7d), §J-gUS(separated interdigita 

ted type)(E 7e) S q-^Eh «4to| 7^*HH o|fi & ^go1| o|*h a^l^fi S*H nWI 7 r g^o^AH =l ^ 

fee ch^ tr^ecj. ^ qwi^s esiei-sj *n^£i ^uf ^oi7 r □roiHsniEi(iim) e?i(scaie)s 

5Mx|a S A^^MMCrb *OT#£Lr 5>§U^fi-^-7|- ¥7|-^I9_I ^£4J§ §§J 4= ?J^cH, AH^°| ^IT 
S ¥M Ah^ ^l^^S Ah^^s, 9>^U^#S §S A r gt r o=| □W|^^7h Si 

Eh±7^| e5|£h°| ^CHSrS ^ ?„'Ch 

£8£g HUf^JS U MM<H\o{\ MB Mm M&m BBIffS LrErtH EBO|cF. -ftjTai «|Sfe SEIfioflAf a|AI| 

^S *H^^h 500|imO|:n ^0|b 500nmO|?JcK. 
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MxhtJsiia M£!x|(pEFC)oil MgsJfe SeH^I 7|7fl7 r « £<gi± ^ *b|&£| 7 r gH|g S! =L?\m . 
-HeitfrCl e SfSfil QWIWS eE|&& = SEH^E^sand blaster) ±jz*3sa ss- a^^zt»-e«H 7r3ltfSlS| 
B£3r Si a-|h|SS ^ SiScH SBHSfil go|n *Hy *m A|, n^MO\o\ ?_hZEjg aJ^^-CM £E|E 

« 7Nq-£r8£l y^fi #0|ji £H^cH[ 2^*1 81-gol sfSsFTfl £|oh £j^°| 5<^« ^x|^|-ji sfcHI SfgSrfc 
S a^A|H as.axl°r £)S|g SI S 7|cHlf ^ ale*. ^^1 D|A|7rS€! *S.(HI °|sH MXrE*HS m 

g£r(low cost), g»Sr 5! 4:SSF*r0i «|Sfl- ^ ? A 'c r . 



(57} 5^S] 

5 ^fre^Tii i^Hai earn 5LS*h= hss*i<hi ^o-iah, 

5! ^AHo| n h f|ol| DWIfrS. □r^(mask) aHH( pattern)* 

#7 1 Dl^B. HH&j^! AHEtj^jo^ THAjAjTjg 4^5rc 0-7(1; 

#7| D|A||M «#0| fllSS es| n r ^H HtffHg Xl|7H, Ai|*| HEIjI £H£SrO=| &E|M *||£Sr£ &7|» SffsrH 
#7 1 BB|&fl| SJ^SOfl C]|All#3.7r ^-£3 ?S0|7HU gf*nj(H| D|A||ft.3.7r 3!c 5« «l§^^ *|- 

*iiifoi ojo^h, a! m#£±±n ^°-\ a- ^ohi diaii^s g# hhih^ gg*rb e7flb. 

gi s*[ei:^l ^A(jo| Ehg thai |go^ S|j§fe EM|; 

&7| 51,'S e« inS*rfc El- 

ti#7|0flAl &7| &o| 2<N iSf tjftMte E^IS CH SS^fe 3jg shb DIAIIM* 3>b &B\& 

aj n AHis^-a. 

^1»<HI Ql-^a. nHSdS M AjE±j^|o^. ^AjAjzi-g &7(fe, ^jc^frl^&i 5MdlS Olg^oi aj^ s 

4. 

^I3«-<H| ?JoHAH, iH^gEH^EH S-bIS A r S* r o^ ^^l^fe *Hy2r ^(width)J!r ^o|(depth)7 r ^ a[o\ 

St 1 S' 5. 

Afl1&(H| ? A >0Ui MS ^-y*^ *H^o| ^01 100|HO|^ 1000(imO|^eJ Zim D|A||MS «5| 

2" Si H Aflsy-a. 

AihircHI Slow, MM AHyai ^0[ 400junOlAj- 600|unO|§r2.l f§2S sfe DlMMfi &B|^ 

c^T 1 ® 1 " 7. 

A^|1S K CHI a.'0-lAH, MS ?H = o| ^0| lOOnmOi^ 1000^mO|^oj th§ ^IJo^. S ^ DlAHIMM &B| 

€!■ Si n Ail^^-a. 
8. 

All 1# CHI a,'0UH. «£i ^0| 400nmO|A,H 600MmO|^°l ^§ a\M\^m ME|& 

Si n Ai^^-g. 
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? A '0HAH, n^9i ^?0|7|- 100nmO|^ 1000|jmO|^o| ^go^ tft n|A||tfSa ?£fer * 

10. 

ahS<H ?JoUH, *Hysj ^o|7(- 400po|^r 600|uno|sfe' ^9°S ^fc DWl^fie es| 

b as aiis^m 

o-T 1 o~ 1 1 

AlHSW| °J0UH, *Hy°l te7F 0|^ 2f£7h 90£0|# 135HO|Sf£!5!S f5J°S 3^ D|A|ftM 

f\tt% y O\\ ?JoUH, gSl&Sj ^7?|7h 2mmO|^oi Sfe D|A||-^^# Jl-fc £E|& a 1 

S^S" 13. 

A1|1*J<H[ JJOUH, D|A4|^S.7|- Af^(serpentine type) S^s- 28 ^§2£ Sfe Q|A|$£« 5>fe &BIB" 5J ^ 
^^fj- 14. 

*J|1% k <H| jyoUH, n|AH|^^7^ ^(parallel type) 5!s Sfc nWltfS.* es|& 5J =L 7\\ 

St 1 ^ 15. 

SM»<H| ?J<HAH, □|A1|^^.7h 5>g^'^(mterdigitated type) ?3£fg £g ^§££ fhfe OWI4f£» £5|£h 
16. 

7\M\m+&21 cf«g E-^^AH ?](HI *Hy^ ?H^°J ^(width)iil- ^0|<depth)7f ^ Dfo|3.sD|EH Eh¥l(scale)£J 5 

&7| DlAil^S.71- 7|*||^^Sj!f *|B£ 0|£ff 7|*||*|-ttS A|-0|Ofl £B|£hg 28 Sfe D| 

18. 

*3|17Sf(H| t*«*^ *H^o| ^0| lOOnmOl^- 1000MmO|*|-£J 28 f§£S D|A||M-fi 3^ »5l 

e a f zi A^a h a. 

^^l!" 19. 

AIM 7 £ h Oil °JO-|AH MS AHyo| 3*0| 400limO|^ 600|unO|^£J th^ Ego^ ^\tr U\M\ftsLW #1= 

a! zl A^gfsi. 

S¥S h 20. 

Eh a 1 ZL Aili^S. 

^17»(H| ? A lO^A^ W£§ ?H^S| ^0| 400limO|-y- 600piraO|S^ ^-g ^§££ *|-^ □|AH|M# t?5|£f 

22. 
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Biff S! n *I|ze&£. 
xjzish 23 

*|17S<HI ?J0UH T»-g*|-fc *Hys| 3!<>|7|-400|unO|& 600|mO|«|-ej ^S°£ *|-fc DlAll^g 5>b gS| 

£| 5} ^1 AII2&&Q. 

24. 

«H7»«H| &!<HM. D|Ai|#^7|- A|-^(serpentine type) 51 ^S2^ shfe n|Al|^S» ^fe ^Blff S! ZL 

25 

*1|17S0|| 5Jo-|AH, []|/d|te7|- ^(parallel type) 3>rr DlMI^S 5>rr &B|ff S! H *|| 

^iish 26 

«|17S-CHI SiOHH n|Al|ff^7h ^gUS(interdigitated type) 3>£r fS2S £K= □lAHi^^.M gS| 

ff iJ ZL Allies. 

*^zp.sj- 27. 

S« iAH°| & B|ff a Strife ^S.£jxN &!(HA-|, 

£B|ff m *Hy^- ff§?b^S MHH*l-7l ^ft SbflSflcHSJ «#o| a|7|^o|ji □Hu|#^oj|AH ffio^^ MHH3|cH°l 
^o| go|-A|^ ^-b DIAIM* 5fe MBlff SJ zl xfls^S. 

St 1 * 28. 

AIM S £Eb *fl 27S § 0^ ff ?f0l| 7|AH=! fl|S@ ^£|ff. 

^^igH 29. 

fluij- ah 27 % h § *h *wi 7|ah& yan^ ^Biff# su-si-b m^sis. z\-^ bas^i. 

Q=?-% h 30. 

EE^ All 27U- § 0^ *h ^j-OHl 7|AH@ ^9°^ Afli=! ^Blfffi £&§hb thfe £jS£jA| ^sj. 



32. 

*|| 1 # «£r A|| 27$T g 0HJ=. *h #0\\ 7|AHS ^a°3 Afl2E=l ^Blff# Itflfe =§21 Sfe -id'Af 
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